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Functionally reconstituted viral membranes containing adjuvant 



Field of the invention 
The invention relates to vaccines directed against antigens such as membrane 
proteins from pathogens or tumor cells. The invention further relates to methods of 
forming reconstituted viral membranes, with membrane fusion activity, which are lipid 
bilayer membranes containing the natural lipids of a virus, amphiphilic antigens as well 
as amphiphilic adjuvants, and to pharmaceutical compositions comprising such 
reconstituted viral membranes. 



Background of the invention 
• - / 1 ^ i ^ Ily * vaccines against enveloped viruses either contain killed or live 
/^^■'tg^. OE uprise a preparation of their constituents (e.g. split virus 
of subunit preparations). For vaccination, these preparations are usually injected. After 
injection, the viruses or proteins present in such vaccines are taken up by antigen- 
presenting cells of the immune system such as dendritic cells or macrophages, followed 
by a presentation of the antigenic parts of the vaccines to effector cells of the immune 
system. Vaccines are effective when injected because antigen-presenting cells are most 
abundant just under the skin. However, it has now become clear that similar cells are 
also present in the mucosa that, for instance, lines the nose (Ogra et al. 2001). In order 
to induce these phagocytes present in the mucosa to mount an immune response, much 
stronger stimulation is required than for those present under the skin (Janeway et al 
2001). 

While the injection of some viruses or proteins contained in vaccines, for 
example influenza or measles virus, elicits an immune response that is sufficiently 
strong to protect against a later infection by the same virus, this is not the case for many 
others, for example respiratory syncytial virus. Numerous attempts to reinforce the 
immune response by physical or chemical means have been undertaken. The most 
important principles that have emerged from such experiments are: (1) for physical 
stimulation, multiple copies of the viral proteins need to be combined in particles. 
These particles can be whole viruses, reconstituted viral membranes, or proteins on 
microparticle carriers. Particles stimulate the immune system better than individual 
subunits (Ogra et al. 2001; Janeway et al. 2001). (2) Chemical stimulation on the other 
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hand requires that the phagocytes or the effector cells of the immune system receive 
certain signals through receptors present on surface of the antigen-presenting cell for 
instance through the use of adjuvants, chemical compounds that are recognized by 
these receptors. 

With sufficient additional physicochemical stimulation, viral proteins can elicit 
strong unmune responses even if applied to mucous membranes, for example upon 
application to the nose (Ogra et al. 2001). Most of the current methods and 
compositions for stimulating an immune response by such means, whether by chemical 
or physical means or combinations of the two principles, have significant disadvantages 
that will be outlined below. 

A particular kind of vaccine composition that was developed in the art is known 
as 'virosomes', which are lipid bilayers containing viral glycoproteins. Virosomes may 
compnse reconstituted viral membranes, generally produced by extraction of 
membrane proteins and lipids from enveloped viruses with a detergent, followed by 
addition of lipids, and removal of said detergent from the extracted viral membrane 
proteins and lipids, such that characteristic lipid bilayers are formed with the proteins 
protruding from them (Stegmann et al. 1987). Virosomes may also comprise 
membranes formed from purified viral proteins and synthetic or natural lipids, or other 
substances that will form a bilayer. A characteristic feature of virosomes is that they 
closely mimic the composition, surface architecture and functional activities of the 
native viral envelope. A particularly important characteristic of said virosomes involves 
the preservation of the receptor-binding and membrane fusion activity of the native 
viral envelope, allowing the virosomes to enter the same cells that the virus would be 
able to enter, and to be presented to the immune system by these same cells 
Preservation of receptor-binding and membrane fusion activity is essential for 
expression of the full immunogenic properties of said virosomes (Arkema 2000; 
Bungener 2002). 

For some viral antigens, virosomes elicit protective immune responses that can be 
strong even when the vaccine is, for example, delivered intranasal* (as is exemplified 
in WO 88/08718 and WO 92/19267). However, other virosome formulations exhibit 
only marginally improved immunogenicity as compared to killed virus or subunit 
preparations (as exemplified in (Gluck et al. 1994). In this cited example, the virosomes 
were generated through a protocol involving addition of exogenous lipids, which we 
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have found to result in a composition of*, virosomes and a surface architechne 
different ftom mMe in ft e native ^ mvelope „ „ ^ ^ a ^ 

art *a, such a different surface arehitectnre may affeo. ft. membrane fusion properties 
of the vnosomes produced and thus their innnunogenicity. 

To eniance ft. fcnmune response, aUowing to(raM aal appncation of this vaccine 
an adjuvant protein ftoti, BscHerioUa coli (heat-labUe toxin) was mixed with the upid- ' 

supplemented virosome influenza Vaccine yppnoc/n-n ™- . , 
.... _ . >,^;%^la^ (EP 0 538 437). Clinical trials indicated that 

addition of fK,. rrtv^ii^^i^afe ; „ ' ', . 

induce serum antibody titers equivalent 

- . Although addition of the toxin did thus enhance 
*e ^immunogenics of this vaccine, it also induced a serious side effect known as 

^SiP^^f ^ °-cles. Since the adjuvating effect of the 
toxm is due tolfecb^. ,ho^ W**^:^ „ . 

ig cell, there is no certainty in this 

.*:vr'i*«-i^ ^v'^v>^/^ v;:->/T,f : - r'O'.'i'-'^^? saxncj cell, 2did therefore & 

*»SgS^^ ^5*. -Order Censure activation of 
~ery cU, tncreastng ffie chahce thai antigens win be recoguiznd by an activated ceU. 
Therefore Onsrype of virtue preparation with added lipids has a fair number of 
disadvantages. 

Vunsomes havealso been prepared from purine! influenza antigens, mixed wift 
denvahves of muramyldipeptide (EP 0 205 098 and EP 0 487 909). to this case the 
muramyidipeptide derivative forms ftemembrane. Aiftbugh muramyidipeptid is an 
*van, and fte formuiation w f indeed found to enhance the immune response to fte 

rrr r murawi m^™***** * «... lm « 

£.978). are ..eared rapidiy frtim th0*ody Mowing injection, and have .oca. toxicity 

feadmg •^lapp,, w et 19?9 . K6bwU 

htoeover ftey have a^^gi W ^ ft > & 

optima. pH ,„ maintain their shucftral ^ is ^ low „ ^ ^ f 

a vaccme together wift fte fusion protein of viruses fta, enter ceUa by .eceptor. 

meftated endocytosis. such as fte hemagg, un nm of influenza virus. Moreover, such 

synthetic membranes are no. a good mimic of fte nafura. vfraf membrane and thus fte 

■mmune response to tan win differ ftom that generated against fte virus 

- Afternatively, researchers in fte art have also generated complexes antigens 

™ m T viral mem,,ra,les, -* 38 tou1 ^ °— ' 

(ISCOMs, Morem et a.. .984), containing vira. pre.te.ns comptexed wift adjuvants 
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ofwhtch are ,so,ated from rae bark of ^ , ^ ^ ^ 

»d hp lds such as cholesterol, mese adjuvants form cage-lilte strucures of be«w«n 3* 
40 - W rendenng «he antigen particulate , while ^ „ ^ ^ 

Although KCOMs nave been used in a number of veterinary vaeeines, «d enhLTL 
mununogentcuy of «he viral membrane proteins, *e devetepmen, of sueh vaeeines for 
humans has been inhibited by eoneems abon, their toxicity and me complexity of the 
mixture (Cox et al. 1998). y 

200.0053368), constating of non-covalen, complexes of me purified outer membmne 
pmtetns of baeteria sneh as meningoeoeei, mixed with antigenic proteins such as me 
u^ b^umtm or me human inununodenciency enveiope g ly eopr„,ein. White 
mese muibpte bapteria. proteins may « as adjuvants, me comp.ex naune of sueh 
mmnres, consisting of multiple „ ^ ^ , ^ 

— response ts directed against aU of me proteins and other antigens present m me 
solution, and leas specifically against the viral proteins 

Another particulate formulation developed by Biovector Therapeutics consists of 

- « core of carbohydrate surmunded by a lipid envelope eontehnng antigens. 
WUh mfluenza hemaggmtinin as me antige., some enhancomen, of tire unite 
response was noted, but no, significant enough to warrant fitrmer development 

lave anenuated versions of respiratory viruses, such as a cnld-adapted strain of 
^vnus with minima, relation in me respiratery tract have been developed as 
mtitmasa. vaccmea. These vaccinea have me distinct advance of inducing immune 
menses ma, are Cose ,o me natera. immunity induced by an infection wim wild-type 
vnua For mfluenza, auch vacoinea have been Known since «he 1980-s, and now appH 

2 to™^^ ^ — °~ d " y - ""»* - vies 
ah^te mutate raptdly, canaing me attenuated viruses to revert partially of wholly to 

tvUd-rype vnua, and thereby in fee, causing the disease they were mean, ,o preven, 

For the above reasons, i, is well racogmzed » me an mat, .specialty te induoe 

IZ3T Z pa,hogeas ftat do no ' by *- * — « ~ 
ZZ ™ r T" " d ottKr mucosal wIica,ions - — * — 

such as ISgoM s and pmteosomes were developed, .here still is a graa, n«d for well 
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characterized vaccine compositions that induce a strong immune respomc , do n0 , 
contain live vims, and have a low toxicity. 

Summary of the invention 
The present invention provides novel means and methods that soive a number of 
problems and difficulties outiineo above. The invention provides a reconstituted viral 
membrane compnsing an amphiphiUc adjuvant and an antigen, whereto said adjuvant 
and ,a,d antigen interact though hydrephobic intensions, are bom present with the 
hp,d Mayer membrane of the reconstituted viral membranes, and in which the 
reconstituted viral membrane has membrane fusion activity mat is superior to that of 
vnosom es prepared according to BP 0 538 437. The reconstituted viral membrane 
further closely mimics me composition, surface architecture and functional preperties 
of .he vna. envelope from which me reconstituted vira, membrane is derived The 
mvention further provides a mefbod for producing such reconstituted viral membranes 
compnsmg some or aU of the f OI , ow to g s «ep S: j) vinls m 3 ' 

™ W *" geneaC material md ^ one or 

more ampmpmhc molecules having adjuvant activity and an antigen in a solution 

com pnsiog . deterge; and iv) removing me deterge* under conditions mat allow 
reformation of the membrane. 

Moreover, the invention provides a pharmaceutical preparation comprising 
reconstituted viral membranes according to the invention, a pharmaceutical* 
accepfable carrier, aa we., as tire use of such reconstituted viral membranes or a 
p _tica. preparation according ,o me invention to fhempy or prophylaxis, either 
by intranasal, oral or parenteral delivery. 

Description of the invent..™ 
In a firs, aspect, fhe present invention pertains to a reconstituted vira. membrane 
Th„ti,u,ed vira. membrane preferab.y comprises: (a) a lipid bi,ayer : (b) a fusion 
Ptotem of a was; (c) an amphophilic adjuvant; and, (d) optionally, a further antigen. In 

reconstituted viral membrane, preferably, me lipid bilayer has a Upid ^ 
«- ts compare wim fusion, as induced by me fusion protein, of the vira. membrane 
wtft . host^efi „f a namra. hos, of me vims. Preferab.y fipid composition is compatible 
w«h msrnn a. me optimal pH effusion. Prefemb.y, fhe fusion protein, me ampbiphilic 
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adjuvant and preferably also the optional further antigen interao. with the hydrophobie 
mtenor of the lipid bilayer, i.e. are associated wifh, integrated into, and/or embedded in 
the Mayer of the viral membrane through hydrophobic interactions with the lipids of 
the btlayer and/or each other. Further preferred is that the fusion protein md me 

amphtpbilic adjuvant are no. covalentty linked. Preferably, the amphiphilic adjuvant 
flnH fV "* further ■ 



j — v^«, vutti memoranes of the 
utventron are preferably functional* reconstituted viral membranes comprising lipids 
preferably natural lipids of a virus, an amphiphiUc adjuvant, a viral fusion protein and 
one or more antigens, wherein me amphiphilic adjuvant, lipids vira! fusion proteins and 
antrgens interact primarily mrough hydrophobic interactions, wherein the hydrophobic 
par. of the amphiphilic adjuvant preferably forms an integral par. of a lipid bilayer 
membrane, which bilayer further contains me fusion protein, andgen(s) and Upids. By 
fiurchonal recnnsnumon is mean,, ma. me reconstituted membrane has membrane 
toon activity. A preferred reconstituted viral membrane is in me form of a vesicle 
A fusion protein of a virus of a virus is herein understood «o mean an integnd 
membrane protein of a virus, usually an enveloped virus .hat, if expressed on the 
surface of a suitable mammalfan (or avian) celi, can indue* fusion of the cell, a, an 
appropriate pH, wi«h cells tha, are a najura. host for fhe virus (see e.g. Hernandez et al, 
1996). Bxamp.es of viral fusion proteins for fncorporation tote the reconstituted viral 
membrane include the SemliM Forest vims El protein, fhe Influenza vims 
hemagglutinin (HA) protein, the HIV gpl20/gp41 proteins, the F proteins of 
paramyxoviruses. Two types of viral fusion protein induced fusion can be 
dtstingnished. The first type effusion, such as e.g. induced by fhe HIV gpl20/gp41 
proteins, occurs a. neutral pH a, Ute surface of me targeted hos. cel.. The second type of 
fasten, such as e.g. induced by me mfluenz. vims hemaggmtinin (HA) protein, occurs 
upon mtetnaUzation a, .ower pH (5.0 - 6.5) flom within me endosoma. compartment of 
me host cefl. Both types of tnaion are specifics.* inCudcd in me present invention 

a ho , I T™T reCOnS,itU,ed ^ membraneS ° f *> wim 

a hos, ce., is fhus dependen, on me presence of an appropriate vira. ftsion protein 

However, tttis capabiufy is further dependen, 0 f me lipid composition of tire bilayer of 

.he reconstituted viral membrane, as vimsomes composed of synthetic lipids and viral 

fasten protems have been described in me ar, ma, are incapable effusion. The lipid 

composmon of me reconstimted viral membranes is thus preferably chosen such that 
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SLTtT rr pable of ft5ion w " h ** ceik - - w— ph. 

The capab.hry of ft. reconstituted ^ membrane5 ^ ^ ^ 

^rooyte ghos, fusion assay as e. g . described in Example 3 he™ For reconstituted 

vna, membranes comprising me influenza hemagghmnin, . prefetred ^ ^ 

1Z . ^ ° f ^ 16354 30 % ° fr ~ * membrane vesils 

wttt , eryfhrocyte ghoste after , „m ute , if , , M fa ^ ^ ^ 

erythrocyte ghoata membrane phospholipid at a pH that is optimal for the 
hemagglutinin in question. 

tested ITT <USi ° n ^ " *** reCOnS,itU,ed VW men *>™« • «-« — • be 
tested by me above assay, is me fusion upon addition of me restituted viral 

membranes ,0 ceUs capable of being infected by «he virua ftom which fheir fusion 
prmems ^derived. The reconstitute* membranes should fuse a. leas, ,0% of the cells 
that would be fhsed by the virus ftom which meir fusion proteins are derived 

One preferred lipid composition that provides the reconstituted viral membranes 
wtth tuston activny ,s a lipid composition ma, comprises natural hpids of a virus The 

Z^T- w is herein — — to — — - - 

» the membrane of a vtrus grown on celis, preferably mammalia* or grown on 
-bryonated eggs. The natural hpids of a virus are titus pr e ferably obtained or ^ 
nom vnus particles titus grown, as opposed ,0 syrnhetic hpids. However, function^ 
~ted vnu, membranes of me invention may comprise purifleti lipids ftom 2, 
« e g. sy.metic lipids, in addition te me natiuaf hpids. A lipid compoaition for 
me proton of me reconstituted viral membranes wim fusion activity ia L 
preferably a composition tha, is obteined or obteinable ftom natural viraf membranes 
L,p,d cnmposmons for use in the present invention «hus include compositions 
excwiy composed of natural hpids of a virus, compositions composed of namra, 

~ r with iipids taa ^ -~ ■ « «* - 

nZT Vari ° US ^ ^ ■** of a 

natural viral membrane. 

used A<ijU T hereiD " '° inC ' Ude my * abStmC ° OT — ** when 
used, m combmation wim an antigen, to immunise a human or an animal, stimulates the 
nnmune system, .hereby provohing, enha„ oing or ^ ^ 

against the antigen, preferably without fieneratW a • 

™r, generating a specific immune response to the 

adjuvant itself. Preferred adjuvants enhanr* tH« : 

dujuvants enhance the immune response against a given 
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antigen by a, least a fcctor of ,.5, 2, 2.5, 5, 10 or 20, as compared to .he immune 
response generated against the antigen under the same conditions bu, in me absent of 
.he ad JU va„,. Tea* for determining the statistical average mtaBcaasat of ^ 
response agains. a given antigen as produced by an adjuvant in a group of animals or 
humans over a corresponding contiol group are availab.e in me art The adjuvan. 
preferably is capable of enhancing me tomune response against a, leas, two different 
sntigens. The adjuvant of the invention wUl nsuaily be acompound ma, is foreign to a 
mammal, mereby exo^;^^^ ^ m ^ 

—is, such as e.g: in^euldtisi interferon* and omer hormone The adjuvants ,o 
be mcnre.rated in tire functionally recnustitoteo viral membranes of me invention are 
preferably amphophilic adjuvants. 

7? ^1310?* «8™"*'J' toended to include any adjuvant including 

emb^d ^| ! p l e pt oriented polar (head greup) moieties and which, preferably 
by M( can aSsocrato Witt, or more preferably intograte into lipid bilayer vesicles or 
nuceUes m water. The tenn „ s< > includes my ^ fc 

utecporated into lipid bilayer (comprising the natural lipids of a virus) wi«h to 
hydrophobic moiety in comae, win, ^.interior, hydrephobic region of the bilayer 

ofirT ^ moiety " ,oward *• — * P- 

of the membrane. However, more hydrophobic adjuvants having a less prenouncd 

C ',r i ^ ° r ^ POte »»* -ieties, bu. which can 

^soc-ate wnh, or utfegrate into lipid bilayer vesicles, are specifically no, excluded 
torn the mvention. The "amphiphiho adjuvant with adjuvan, activity as nsed herein, 
flms mclude namraUy pcotetog ^(parfly) ^ mmts ^ m 

fomnng a reconstituted Viral membnme together win. one or more antigens of interest 
and namral ,p.ds of a vires in an aqu^us ^viromnen, under conditions .ha, allow tire 
formation of a reconstituted viral membrane. 

In a prefer embodiment *e -unphipMUc adjuvan, presen, in me recons,to,ed 
T, Z " PhatmaCeU,i0 ^ f« use in humans, in comma, to e.g. 

Qml A or omer saponins, which are amphiphiles with adjuvan, activity ma, have 
been tested in certain settings in .he a*. The anrphiphihe adjuvants of the invention are 
preferably ,0, covalentiy linked to me antigens bu. are present togemcr in me lipid 
btiayer of the reconstituted membrane. The fee, fce antigen and adjuvan, are no, 
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covalently linked assures that processing of . 

tothei mm , m . . P 5811,8 ° fflw and presentation of its epitopes 

totoetnnnune system* essentially identical re th* of the n«ural pn,^ ^ 

ensururg good recognition of the protein present on the nature. JLJ ^ I * 
hand, the hydrephohio interaction of the antigen and the adjuvan^lt M " 
(and each other) allows for a distribution of the adruvan, and a^l^ " 

*W dehvery of the antigen to the antigen Renting cel, tha, is activafcd nT* 

re!oZl d^?^ 8 - ***** ^ ~ — ^ S 
reconstituted viral membranes. 



In a preferred embodiment of the invention said amphophilic adjuvant is 
recognized by a ToU-like-recentrtrfTT ox "HJuvantis 

adjuvant reclgmzed T ^ " ^ 

J ecognizedby TLRs are known m the art and include e.g. lipopentides 

hpopo ysaccharides, peptidog.ycans, liopteichoic acids, HpoproJl C 17 
mycoplasma, mycobacteria or spirochetes), doubie-stianded RNA (pi I-Q 
unmemyuted DMA. lipoarabinomannan, fiagelUn, CpG-containing DNA 2. 
n^umotines. Such TXR-recogmzed adjuvants may he amphfphihl"l te b y 
ftemscves or alternatively mey may he modified into an arnphiphL adj^Te g by 
couplmg hydrophobic compounds (see below) to a polar tl» h. a T * 
ampbiphilic adjuvant may targe, other recent 7°™ ^ A^very, the 
r • **y»rg et otner receptors. A preferred amphinhilic aHi» va «t • 

pupephde, which may he produced synthetically or senn-syntirelany. A ZZ^ 
of tire mvennon is a m„,ecu.e ma, wil, usually consist of one or more (ou^T 
ovalently ccupled te one or more hydrophobic compounds selected fire 

^peptides for use in the present invention preferably comprise 3, 4, 5 6 7 org 
ammo ac.ds, preferably the peptides comorise 40 7n ./ . 

charged, of which lysine J^ZZL d "7 ^ " 

•ugimne are preferred, and preferably the neotide.! 

= ne or more serines and.or cysteines. HspeciaHy preferred ^ 

oiycotrrr rr - *~ - ■ 



are lipids (or other hydrophobic compounds) covalently 



coupled to one or 



) 



~gare. In a ^ prefered fte 
vua. membranes according to Ae favention< „ wUch ^ ^ 
gaUctosylceramide or a phosphatide inositol mannoside. The terms "an a- 
galactosy.ceramide" and "a phosphatide inosito, mannoside" are intended to ineiude 

Z IT" « ^ ^ DeriVa " VeS rf «- — **« -i-van. 

r *■ con,ex ' ome pKsmt **** - - «. » 

5,936,076 and m US 4,542, 2I2 , respeetive, y . Other suitable g.yco.ipid adjuvants for 
nse -n invention inch.de e. g . endotoxic ^polysaccharides (LPS) of OraTegle 
bactena. Preferably sneh LPS, are modified LPS, having redneed toxicity ITthelJpid 
A portion the LPS but retaining inar, «a «. .,• p 

seneticallv m M- t , „ ° JUV,mt aCtiv " y - 85 ™V *• °^ed from 

geneticaHy modrfied Oram negative pathogens and as reviewed in WO02/09746 

In another aspect of me present invention, the amphiphiHc adjuvant present in me 

z:rm to * e inven,ion - is a pepade - — - ™* ° 

Peptide* m parti^ po lar pcpMes> ^ ^ W 
amph.ph.hc adjuvants by (covalentty) Uniting mem to a suitable hydrophobic 
compound (see above, Actively, amphiphiHc peptides may cLple a 
hydrophobic stretch of amino acids such as a transmembrane sequence as described 

^;r^ — - - Notch tigand « * e 

weijzen et ai. t 2002; Genbank accession no AAf sonom ~, 

r,. , . ,m 52020) or a sequence from the 

y*>~™ — P^ein A. Peptides having ^nances from Jagged ., 

17^2 °°:r' y coupied ,o a — - — * - ~ 

r^ZITd ~ "«* (po to > part of me JaggL- 

or protem A denved peptides ma, pretrudes from me hpid biiayer preferabjy 
compnses uo more than 3, 4, 5, 6, 7, or 8, amino acids 

The reconstituted viral membranea of me irtvention are preferably suitable for 
both parenteral and m,,^..i . v 'eraory suitable for 



administration. 



nonnaUy ehc. a suffice* rmmune response upon intranasa. detivery to me treated 

r:;r ,ect -** — — * - ~~ i- — 8 
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~ — ^ comprising only a viral fusion protein and no further 
!*T " 1 ^ ° f ^ inVenti ° n * " WWch CaSe the Protein also has a 

r^nZ rT b additi ° n t0 * " ^ Pr ° tein - °* ^ ° ther ^ 

recon Stltuted viral membranes may thus comprise one or more further antigens in 

addition to the viral fusion protein. 

IT. antigen ,h„ are part of the reconstituted viral membrane according to ^ 
nrvenuon preferab,y have a hydrophobic par, that is capabie of being inserted in the 
up.d bdayer membrane of me reeonstituted vim. metnbrane vesiCe. Many pathogenic 
entities such as viruses, bacteria, yeasts and parasites cany in their capsid, ceil wan or 
membmne proteins that ehci, an immune response in the host. Examples of antigens 
^ave hydrophobic dements, such as e.g. transmembrane segments, and ma, are 
sotted to be par, of a reconstituted vira. membrane according ,o me invention are 
protems present h, the membrane (afco caned enve.ope in the case of viruses) of me 
pamogenTherefore, fa preferably, me antigen present in the reconstituted viral 
membrane of the inversion is an integral membrane protein. The antigenic proteins in 
^reconstituted vira, membranes of the present invention are oriented in tne same way 
as they appear on me vira, or cellular membrane, bu, may present epitopes tha, are 
n^rmahy parnaUy or a, feast temporarily hidden when present in a membrane hpid 
bilayer. Stimulation of the immune mm, k„ .... .• 

vim! m™.., v y 6 ™«s™--presenting reconstituted 

vnul membranes may be due to a combination of their specific recogmtion by cells of 
me nnmune system, their parficular character, me presentafion of me protein, and the 
™gof hidden epitopes. PreferaMy, me anfigenic proteina tha, are used in me 
teconstituted vnal membranes of the invention comprise one or more protective 
epttopes, ,e. epitopes capable of eliciting an immurte response in a mamma, mat 
ptovrdes protection against infection by the patttogen fiom which me antigen is 
dertved, or ma, provides protection agams, a tumor expressing me antigen. 

hi preferred embodiments, said anticens are *<*ri., a A 

, u onugens are derived from a virus, a parasite a 

fungus or a bacterium. EspeciaHy preferred are reconstintted vira, membranes, wherein 
antigen „ derived mom influenza virus. Proteins from influenza virus ma, can b 
used m reconstituted vim, membranes of the present invention are preferab.y the 
hemagglutinm (HA) proteht, the neuraminidase (NA) protein and/or me M2 protein 
alone or m combination. ' 
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Antigens that can be applied and used in the formation of the reconstituted viral 
membranes according to the invention can be derived from all sorts of viruses non- 
hrmtxng examples of such viruses are: Retroviridae such as Human Immunodeficiency 
virus (HIV); a rubellavirus; paramyxoviridae such as parainfluenza viruses, measles 
mumps, respiratory syncytial virus, human metapneumovirus; flaviviridae such as ' 
yellow fever virus, dengue virus, Hepatitis C Virus (HCV), Japanese Encephalitis Virus 
(JEV), tick-borne, encephalitis, St Louis encephalitis or West Nile virus; Herpesviridae 
such as Herpes Simplex virus, cytomegalovirus, Epstein-Barr virus; Bunyaviridae- 
Arenaviridae; Hantaviridae such as Hantaan; Coronaviridae; Papovaviridae such as 
human Papillomavirus; Rhabdoviridae such as rabies virus. Coronaviridae such as 
human coronavirus; Alphaviridae, Arteriviridae, filoviridae such as Ebolavirus 
Arenaviridae, poxviridae such as smallpox virus, and African swine fever virus' 
Likewise such antigens may be derived from pathogenic bacteria, fungi (including 
yeasts), or parasites. Such antigens include bacterial antigens of e.g. Helicobacter, such 
as H. pylori, Neisseria, such as N. mengitidis, Haemophilus, such as H. influenza 
Bordetella, such as B. pertussis, Chlamydia, Streptococcus, such as Streptococcus sp 
serotype A, Vibrio, such as V. cholera, Gram-negative enteric pathogens including e g 
Salmonella, Shigella, Campylobacter and Escherichia, as well as antigen from bacteria 
causmg anthrax, leprosy, tuberculosis, diphtheria, Lyme disease, syphilis, typhoid 
fever, and gonorrhea. Antigens from parasites e.g. include antigens from protozoans 
such as Babeosis bovis, Plasmodium, Leishmania spp. Toxoplasma gondii, and 
Trypanosoma, such as T. cruzi. Fungal antigens may include antigens from fungi such 
as Aspergillus sp., Candida albicans, Cryptococcus , such as e.g C. neoformans, and 
Histoplasma capsulatum. 

Although vaccination is generally applied for the prophylactic protection against 
pathogens or for the treatment of diseases following pathogenic infection, the person 
stalled in the art is aware of the application of vaccines for tumor-treatment. Moreover 
an increasing number of tumor-specific proteins are found to be proper entities that can 
be targeted by human or humanized antibodies. Such tumor-specific proteins are also 
w,tlun the scope of the present invention. Many tumor specific antigens are known in 
the art. Therefore, in one preferred embodiment, the present invention provides 
reconstituteol viral membranes comprising a tumor-specific antigen. Suitable tumor 
antigens include e.g. carcinoembryonic antigen, prostate-specific membrane antigen 
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prostate specific antigen, protein MZ2-E, polymmphic muota 

2 n ™ LK26 ' ' ^w* factor receptor (EGRJF), TWen- 
Fnedemetch CO antige* GM-2 and GD . 2 gangliosides> Ep . CAM> 

gIycoprotein-2, and colon specific antigen. 

Preferred antigens ft™, theae patoogens are integml membrane proteina 
However, non-membrane protein antigens or pans thereof containing protective 
epitopes may also be modified for use in me present invention fusing them to a 
transmembrane seqn^ Tr^membrane sentences or membrane-anchoring 
sequences are well fatown to *i and are based on tire genetic geomeny of 

mammalian transmembrane molecules A trsmsmrnh™^ 

^ . ^ , transmembrane sequence usually consists of 



^^t^^^^^-^fbrawidevarietyof 
^f^PW^^^o^W.cboHng^oe. 



fx„ „ M . ' 7™ — iw^v-miwwwag sequences 

^^^ention ineluoe e.g. those derived from CDS, ,CAM- 2 . ^ 
CD4 and LFA-,. Preferably a fransmembmne seqnenca is derived from viral infegra, 
membrane protein that is natorallv present to a vira. membrane. Examples thereof 
include toe transmembrane region of hnman respiratory syncytial virus (RSV) 

vuTneT P ^ r° ^ 38 '° M * »— of influenza 
virus neuraminidase (e.g. amino acids 7 to 27). 

In another aspect, the present invention provides a method for producing a 
teconsututed viral membrane, comprising some or all of me foUowing steps : W 



further 



lipids in a solution comprising* determent- flA.w • u 

P . g •^ gent ' W decreasmg the concentration of the 

^gen. under <*a vira, membrarte compriatog a 

P.d b .aver m which me ^mphilic^uvah, aao toe viral fusion protein toLct with 
toe hydrophobic interior of toe ,« bflayer, whereby preferably the amphiphitic 



further 



yxrU^mU *u . ~ wvawamy umcecL ana 

wh«* y toe reconstituted viral merobfane has membrane fusion activity; fc) optional 
punfymg toe roconstitoted vira. membrane; and, (d) optionaHy, fotmullting toe 
recounted vira. membrane into a pharmaceutic composition. For toe provision of 

viral limrlc tUo 3 ~ ^ 0 V11 UA 



further 



, - & ***** v 11 uo ui a, suitaoie 

detergen, such as octaetoyleneglycol mono-tf-dodecyletoer ii) removing toe virol 
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genetic materia! and core proteins e.g. by differentia! ultiacentrifegation The detergent 
concentration is preferably decreased by dialysis, diafiltration or absorption onto 
hydrophobic (and/or into size exclusion) beads, a. the appropriate rate of removal of the 
detergent mat allows reformation of the membrane, wherein preferably the anrphiphilic 
5 adjuvant and the vim. fusion protejn md preftraMy ^ tte ^ ^ ^ 

satd reconstituted viral membrane, interact through hydrophobic interactions, with the 
urtenor, hydrophobic region of the bilayer membrane, and/or with each other. The virus 
preferably is a membrane-containing virus such as most enveloped viruses. Preferred 
vnuses for use aa source of natirral vira! lipids are influenza viruses, Semliki Fores. 
1 0 virus, or paramyxoviruses. 

Preferably, the method for producing a reconstituted viral membrane disclosed by 
tire present invention comprises me step of purifying said reconstituted vim, membrane. 
Methods for purification of reconstituted vim! membranes am known in the art and 
mclude e.g. differential and density gradient centriflrgation and/or chromatography 
(stze exclusion-, ion exchange- and/or affiniry-chmmatography). Detergents am 
anrphiphilic molecules wim surface activity Suitable detergents aro detergent that 
efficiently dissolve the viral membrane components, but mat do no, denature the fusion 
protem, viral capsid and/or core proteins, e . g . zwitterionic detergents such „ 
octaethyleneglycol mono-AT-dodecylether. 
» Hydrophobic interactions result from non-covalent, non-electioatatic attrition 

forces between hydmphobic aubstences mat are preserrt in an aqueous environment m 
a further aspect me present invention provides a pharmaceutical preparation comprising 
as active mgredien, a reconstituted vim. membrane according to the invention, and a 
pharmaceutical* acceptable earner. Pharmaceutical* acceptable stabilizing agents 
osmotic agents, buffering agents, dispersing agenta, and tire tike may aiso be ' 
mcorporated into the pharmaceutical compositions. The preferred form depends on tire 
attended mode of administration and therapeutic application. The pharmaceutical 
earner can be any compatible, non-toxic substence suitable to deliver tire reconstituted 
vra. membranes to the patient Phamraccutically acceptable carriers for intranasal 
dehvery am exemplified by water, buffered aafine solutions, glycerin, po.yaorbate 20 
cremophor EL, and an aqueous mixtore of caprylic/capric glyceride, and may be 
buffered to provide a neutral pH enviromnent. Pharmaceutic*!* acceptable earners for 
parenteral delivery are exemplified by sterile buffered 0.9% Nad or 5% glucose 
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option supp.enaen.ed with a 20% albumin. Preparations for parental administration 
must be sterile. The parenlal route for administration of the polypeptide or antibody is 
m aeoord with known methods, e.g. injeotion or infusion by intravenous 
mtraperitoneal, in.ramuseu.ar, intraarterial or intratesional routes. The reconstituted 
vral membranes are preferably administered by bolus injection. A typical 
pharmaceutical composition for mtramuscular injection would be made up to contain 
for example, 1 - 10 ml of phosphate buffered saline and t «„ 100 ug, preferably 15-45 
Ug (of antigen protein) of me reconstimted viral membranes of the present invention 
For oral administeation, the active ingredient can be administered in liquid dosage ' 
forms, such as elixirs, syrups, and suspensions. Liquid dosage forms for oral 
adnumsteation can contain coloring and flavoring to increase patient acceptance 
Methods for preparing parenteral!* orally or intranasally administeabte compositions 
are well known in tire art and described in more detail in various sources, including for 
example, Remingten-s Pharmaceutical Science (15th ed., Mack Publishing, Hasten PA 
1980) (mcorporated by reference in Ms entirety for all purposes). In a further aspect, the 
mvenuon relates to a method for vaccination against, or for prophylaxis or therapy of 
an mfecnous disease or tumor by administration of a therapeuticaUy or prophylactieaUy 
effecuve amoun. of (a pharmaceutical composition comprising) reconstimted viral 
membranes of the invention «o a subject in need of prophylaxis or therepy. The 
mvention also re.ates to reconstituted viral membranes of tire invention for use as a 
med.can.en,, preferably a medicament for vaccination against, or for prophylaxis or 
flterapy of an infectious disease or tumor. The invention further reU.es to me use of 
reconstituted viral membranes of tire invention in me manufacture of a medicament for 
vaccnauon agains., or for prophylaxis or therapy of an infectious disease or tumor. 

Description of .h* fi fnm,. 
Figure!: Schematic drawing of me sucrose gradient used to analyze the physical 
association between lipopeptides, protein and lipids of me adjuvant-conteining 
reconstituted viral membranes. 

Figure* Two-dimensional Ann layer chromatognun of tire lipids and lipopeptides 
recovered fl^m me 10/40% sucrose interface on gradients as outlined in Figure 1 Panel 
A: connol, reconstituted viral membranes without Kpopeptide, showing the ninhydrin- 
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reactive natural viral lipids. Panel B: reconstituted viral membranes containing 
lipopeptides, showing the natural viral lipids reactive with ninhydrin, and the 
Kpopeptides in addition. The chromatograms were developed in two dimensions: 
system 1 CHC1 3 / methanol/H 2 0 65/25/4, system 2 iV-butanol/acetic acid/water 2/1/1, 
and stained by derivatization with ninhydrin stain. Sample loading sites marked "spot". 

Figure3: Electron micrograph of reconstituted viral membranes containing lipopeptides 
according to the present invention; negative stain using ammonium phosphomolybdate. 
The membranes are about 100-200 nm in diameter. 

Hgure4: Fusion activity of the reconstituted viral membranes according to the 
invention. Reconstituted viral membranes containing pyrene-phospholipid were mixed 
with erythrocyte ghosts and fusion was measured according the text. 
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Examples 

hptds of mfluenza virus and the infl„ enza membran^ r ^,_ 

Influenza virus is produced bv erowina vf mB „ * . ^ 
Center Ar*in» a ■ I ' World Influenza 

Center or the Amencan Type Tissue CuUure Co,,ection (ATCC), using methods known 

to persons stoned tn the art, for instance by growing the virus on embryonated eggs o7 

^ ^ *" iS - W * or Tonsil gTeT 

- a combmation thereof, and may subse q uen ay be in»ctivl, by 
bem-prop.olactone or fonnaldehyde according to estabUshed stimdard procedures 

nhos Tr ^^^/S vitus ( l5 00 nmol 

phosphohptd) ts mcubated with , ml of the detergent oc,a(«hy.ene gtycolj-n-dodccy, 
mother (CUES) (Boehringer, Mannheim, Germany, at a concentLion of^O 
mM(a concentration above the detergent's critical micelie concentration is requirer.) 

Tzzi h * r r* but&r * neutrai ph: 145 ■** " 

nun EDTA, pH 7.4 (Buffer A). The viral nuCeocapsid and matrix proteins are men 
-oved by centitihgation a, i 00,000 x g for 30 mm a, rc The pehe. is discard^ 

ZZZ^TTT *• lipopep,ide at * raao of 05 - 

per 750 nmo, of vna, h pid , and mixed until the hpopeptide is disso.ved. .28 mg of 
BtoB^ds SM- 2 (Bic-Rad) are men ,dded to each 350 microtia of me mixture, end 

iST." 77 ^ ^ ^ " d ^ ^ ~» fo r on hour. 

The flmd is men transferred to another 64 mg of these beads and shaJting is continued 

for 10 mmu.es. The resulting turbid supernatant contains the reconstituted vira, 
membranes, and can be used for vaccination with or without toher puriflcation 

For analysis of the physical association between the hpids, lipopepudes and vira. 
pmtems, me turbid mixture containing me reconstituted vira. membrane is ,oaded7 P 
a ^continuous sucrose gradient, containing a 1 mL cushion of 40% sucrose (w/v) T 
uff, A and a 4 mL top .ayer of 1 OH sucrose (w/v) in buffer A (as depicted I £ 

ftom tte 40 /. cushton, me mterface between the 40% cushion and 10* top ,ayer and 
flom me top h. these gradients, unincorporated vim, prote ins move into I cul! 
dunng ; centrmtgation, hpid and lipopeptides no, present in the reconstituted membranes 
move to the top of ft. gradient, and reconstituted vira, membranes can be found atl 
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T*? ^ ? 15% ™ l *« " «— — «» of the gradient, as „ 
6/. of the hpopept.de. 85% of the viral lipid, 94% of the Upopepdde, and 60% of «he 

membrane PK>,ein ~ — d * a •» *° reeonsdtuted viral membrane band 
To analyze the lipid composition of me band, two samples of reconstituted viral 
membranes, prepared according «o me above protocol, or in the absence of added 
hpopeptide wem revered fion, me 40/10% interface of sucrose gradient a, describ ed 
above, and extracted with CHCL3/MeoH, according to Folch et al. (1957). The 
extracted lipids and «pb^ar6 ahaly.ed by twcwhmensiona, thin ,ayer 

TTT^' ^^^^O «*»♦ - *P to. e.uent, Mowed by JV- 
buuno.aeenc acidAvator 2/,/,, and stained by derivation win, ninhydrin stain (L 
plate is sprayed wdh 2% ninhydrin in N-butanol, and incubated at 80°C for .0 
nunutes). "The resume shown in Figm, 2, and clearly demonstrate the physics, 

: ^Mjp o f? fe virosomes collected from me band of the gradfcat «, 

size of viruses, showing the viral 
anhgen spikes spikes that are characteristic of influenza viruses. 
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Vaccmadon by mteu^^ji^f arecoI1?titated ^ membrane 
contaunn ^^^.^,^^^^^3^^ 

standard snbuni, vacetae, „r a virdsome vaccme prepared accoming to EP 0538437 
Balb/C mice are immunized by a inuanasal fasdUation of 10 microliter, of ' 
anhgen containing ,-5 pg of influenza proteins, on days 0, 7, and .4. Blood, nasal and 

2zt r,r, roted on ** * ■ ^ washes - * «*— - » 

- Zf fl S * 8 S ^ 8e to * «»<owed by aspiradon 

of 1 mL of flmd. Nasal washes are collected by injecdng 0.5 ml of PBS retrograde via 
U.C trachea, mto the nasopharynx, the lavage fluid being coUected a, the nosdils. Debris 
and cellular^omponente are immediately removed from the lavage fluids by 
centrifugarion, a protease inhibitor mix (chemstadn, antipain, leupeptine, pepstadn 
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« from a ,000 x concent stock ^ m ^ 

DMSO) ,s added, the wash fluids are concent flve times „ y *" 

conoentmtom, after which fite samp,es are fiozen in limfid mtrogen md « a , _ 2 „ 

deg C until analysis. Samples are analyzed by IgG ELISA *<, a w • « 

rp« . J y lgo ^UoA against influenza proteins 

The results are shown in Table II 



) 



onstituted viral membra™ ^to ininr thr 

^^^^^^^^^^ 

influenza membrane p roteins " 

Purified and concentrated influenza A/PananW2007/9 virus (1 500 nmol 

™T' " Wi,h ' m ' ^'^-dodecv, monoether 

(C12E8) a, a concentrafion of .00 mM, for . 0 min a. 4»C, in an isotonic buffer a, 
»« pHt .45 mM NaO, 2, mM HEPES, 1 mm EDTA, pH ,4 (Buffer A). The 
■ml nucleocapstd and man* pretein are men removed by conjugation a, .00,000 x 

^Pephde and pyrene-.abe.ed phosphofipid a. a ntfio of 0.5 mg fipopepfide and lo 
Z W(..pyrenedecanoy,)-sn^y^ 

»o, o f v Ilpidj ^ ^ ^ me ^ J ^ 

d~ 128 mg of BioBeads SM-2 (Bic-Rad) are men added to each 350 Ic^rnT 
of the nuxtore, and me detergent is removed by shaking me mixture and the bel 

Til" ~ ^ ^ flUid 18 *" t - ta - 10 ' « m S of these beads 
and shaking is continued for 10 minutes. 

am prl^"" " ^ — « 

ITT r™ ^ W00d CC " «*"- «W *esus factor 

negafive) by me method of Stock and Kan, (1974) Fusion is measured a. a 

concentration of 0.06 M of ghosts phospholpid and . uM of virosomal phospholipid in 
a buffer conning 140 mM NaCl, .5 mM sodium citrate a. pH 5. . . J id JLgt 
monttored by dihmon of pyrPC. For mis pmpose, pyrene excimer fluorescZT 
measured, a, excitation and emission waveiengms of 345 nm (bandpass 2 nm) and 490 
- (bandpass 1 respecfively, in the presence of a 475 nm cut-off fifter n 1 

whtch , obtamed by adding 35 u, of 0.20 M C12E8. The changes in fluorescel are 
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convened * extents of fusion (f) byca.cu.aUng f- lOOx^BV^Ey), whereE 

~ flUOreSOence * - V and B. and B, represent, respective*, the 
mtenainea a. 490 » a, toe zero and after the addition of C.2E8, both correct*, for 
•hhmon effect, The results, ahown in figure 4 c.earty indicate st^ng ^ _ of 



5 the reconstituted membrane. 
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l^X Lipopepddea particn.ar.y suita b,e for making reconstituted vira. membranes 
accordmg to the invention. 



a^,J(bispalmitoyioxy>propyl-cystemyI-seryl-serine 
^,^OispaImitoyloxy)-propvl-cysteinyl- S eryHlysil) 3 ^^ 



s^^CtosoIeoyloxy;-p ro pyi- cysteinyl . setyl . (lysil)3 _ lys _ 
S-^^Dismynstoylox^-propyl-cystemyl-s eryHiysi^^^ 







Table2 Results of the experiments as described in Example 2 

Samples are analyzed by ELISA on hemagglutinin-coated 96-well plates using goat- 
anh-mouse IgG and goat-anti mouse IgA fSiema <?t t „ ■ x,™ 
anhhoHiVc tt, C^igma, St. Louis, MO)as secondary 

antibodies. The results are shown in table II 



Treatment and preparati on 
subunit intranasal 

Virosomes prepared according to 
EP 0538437 



10 log IgG titer 
Not dete ctable 
1-2 
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Claims 



1. A reconstituted viral membrane, the lipid bilaver of «*■ i. 

(a) me lipid b«ayer has . Upid compo ,, ion ^ J^ 1 ^ ** 

ft-d with the virus from whic „ ^ ^ pro(ejn j8 ^J 0 ^ « - - * 

(b) the fuston protein and the amphiphilie adjuvant interact with the hvdrooh h* 
mterior of the lipid bilayer, and hydrophobe 



0 covalently linked. ~ — ~— "puonai further antigen are not 



2. 



A reconstituted viral membrane according to Cairn 1, wherein me Moid «. 
ises natural Hm'Hs n f a m me "P ld flayer 



compnses natural lipids of a viral membrane. 



3- A reconstituted viral membrane according to claims 1 or o u ■ 

adjuvant „ a Upop.ride. a g.ycoh'd * - * 

juvant is a hgand for a mammalian Toll-like receptor. 

2 aflnspalm rioyloxy Hmw!^^,^ 

2,3(b, S oleoyl„xy)-p ro pv^ yst ei nv i. seiyl . (1 il)3 - , , S 

*^«*«NW. -.yam J^aLtow™ ^'^W" 
oysteinyl-serylKlvsUv,™^ , , : ' . Pata " OJ "- S - 2 - 3 0»™yn«oyloxy)-p r „ pyI . 

lysine, MpaLly, , 3^7 , 1 *' m ~ 0 ^^'-<»l-»«yl-aysil)3 - 
, P aln " to yI-S-3(pahnitoyloxy)-prop y i <ysteill , . n „„ in . . ' 

palmitoyl-S-2 3 hv,w„ , "Wfiwlb -lysme and JV- 

"ydroxy-propyl-cysteinvl-servl n™trv i • 
o o/u; i • 7 yi ser y^(lysil) 3 -lysine, iV-palmitovl-<5 



****** inosito, mannoside, a.pba-ga.actosy.ceramide, M a Up 
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7. 



A reconstituted Wra. membrane according to any one of claims , - 6, wherein the 
antigen is an integral membrane protein. 

I ^^—^ „e according to a„ y one of claims 1 - 7, wherein the 
antigen is a viral antigen; : • 

i i 

9. A reconstituted vira! membrane according to claim 8, wherein the antigen is from 
an influenza virus. 

- Calm 9, ^n the antigen is a 
h ^^^^^^^A)dranM2 protein. 

I 

derived from a torus selected from me group oonsisdng of Retroviridae, rubellavirus 
Paramvxovrndae, Flaviyindae, HefpesvMdae, punyaviridae. Arenaviridae, 
Hantavurdae, Coronayiridac, Papoyaviridae, Rhabdoviridae, Corenaviridae, 

A - WUfc * ^ African swine 

k 

'•-.•'.* 
* 

t* * i' 

^™«^* g » any one of claims , - 7, wherein the 
,s derrvet, trom a parasite^ bacterium, a nmgus. a yeas, or wherein die andgen 
is a tumor-specific antigen! ™ gett 

• . • • * • , - 

13. A method for producing a reconstituted vim. membrane, wherein tire method 
comprises the steps of: ™°° 

(a) mi^g an ampmpnitio adjuvant, a vira. ^ m optional ^ 
and lipids m a solution comprising a detergent- 

(b) decreasing the concentration of tire detergent under conditions that allow 
reception of. viral membrane comprising a hpid bUayer in which the 
amphiphilic adjuvant and the viral fhsion protein interact with die hydrophobic 
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interior of the lipid bilayer, whereby the amphiphilic adjuvant and the viral fusion 
protein are not covalently linked, whereby the amphiphilic adjuvant and the 
optional further antigen are not covalently linked, and whereby the reconstituted 
viral membrane has membrane fusion activity; 
5 (c) optionally, purifying the reconstituted viral membrane; and, 

(d) optionally, formulating the reconstituted viral membrane into a pharmaceutical 
composition. 

14. A pharmaceutical composition comprising a reconstituted viral membrane as 
10 defined in any one of claims 1 - 1 2 and a pharmaceutical^ acceptable 



earner. 



15. 



• A pharmaceutical composition according to claim 14, whereby the composition is 
suitable for intranasal, oral or parenteral administration. 
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Abstract 

The present invention relates to vaccines directed against antigens such as 
membrane proteins from pathogens or tumor cells. The invention further relates to 
methods of forming reconstituted viral membranes, with membrane fusion activity 
wluch are lipid bilayer membranes preferably containing natural lipids of a virus a 
Viral fusion protein, one or more optional further antigens as well as amphiphilic' 
adjuvants. Pharmaceutical compositions comprising such reconstituted viral 
membranes are also part of the invention. 
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